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Abstract of JP 2000044633 (A) 

PROBLEM TO BE SOLVED: To produce a vinyl-cis- 
butadiene rubber and a vinyl-cis-butadiene rubber 
composition improved in molding processability, 
tensiie stress, tensile strength, flex crack growth 
resistance, etc. SOLUTION: This vinyl-cis-butadiene 
rubber is obtained by mixing (A) 1 ,3-butadiene with 
an inert solvent consisting essentially of a 4C 
fraction, (B) regulating the concentration of moisture 
in the resultant mixture, (C) adding AIRnX3-n [R is a 
1-6C alkyl group or a cycloalkyl group; X is a 
halogen element; (n) is 1 .5-2] which is one 
component of a cis-1 ,4 polymerization catalyst and a 
soluble cobalt compound that is another component 
of the cis-1 ,4 polymerization catalyst to the resultant 
mixture and carrying out the cis-1 ,4 polymerization 
and (D) making a syndiotactic-1,2 polymerization 
catalyst prepared from the soluble cobalt compound, 
the general formula:; AIR3 (R is a 1-6C alkyl group 
or a cycloalkyl group) and carbon disulfide present 
in the obtained polymerization reactional mixture 
and conducting the syndiotactic-1 ,2 polymerization 
of the 1 ,3-butadiene. 




■A,-.at»«ia.:. 



Data supplied from the esp@cenet database — Worldwide 



JP,2000-044633,A [CLAIM + DETAILED DESCRIPTION] Page lofl2 



< 



Disclaimer 
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the original language are not responsible for the result of the translation. 

Notes: 
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2. Texts in the figures are not translated and shown as it is. 
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CLAIM + DETAILED DESCRIPTION 
[Claim(s)] 

[Claim 1] 1,3-butadiene ~ ****- 1 - [ it polymerizes four times and ] in syndiotactic 1 and the method of 
polymerizing two times subsequently (A) 1,3-butadiene and C4 1,3-butadiene and C4 which mixed the 
inactive organic solvent which uses a cut as a principal component, and were (B) Obtained Adjust the 
concentration of the moisture of the mixture which consists of an inactive organic solvent which uses a cut 
as a principal component, and subsequently (C) The general formula AIRn which is one component of ****- 1 
and four polymerization catalysts X3-n (However R being the alkyl group, phenyl group, or cycloalkyl 
machine of carbon numbers 1-6, and X being a halogen element n number of 1.5-2) [ the organoaluminium 
compound of the halogen content expressed, and the soluble cobalt compound which is other one 
component of ****- 1 and four polymerization catalysts ] adding into said mixture - 1,3-butadiene - ****- 1 - 
[ it polymerizes four times and ] (D) [ the syndiotactic 1 and two polymerization catalysts which are acquired 
from the organoaluminium compound expressed with a soluble cobalt compound and general formula AIR3 
(however, R is the alkyl group, phenyl group, or cycloalkyl machine of carbon numbers 1-6) in the obtained 
polymerization reaction mixture, and carbon disulfide ] New vinyl cis- -******** which is made to exist, makes 
1 ,3-butadiene syndiotactic 1 and is characterized by polymerizing two times The production method of 
NGOMU. 

[Claim 2] C4 Production method of vinyl butadiene rubber according to claim 1 with which the inactive 
organic solvent which uses a cut as a principal component is chosen from n-butane, ****- 2-butene, 
transformer 2-butene, and butene-1. 

[Claim 3] 3 to 30 weight % of :(a) boil n-hexane insoluble matters which a vinyl ****- butadiene rubber 
constituent becomes from (a) - (b) below; 

(1) Boil n-hexane insoluble matters are syndiotactic 1 and 2-polybutadiene, the (2) syndiotactic 1 and 2- 
polybutadiene are staple fiber crystals, and distribution of the macro-axis length of (3) staple-fiber crystal is 
[ 98% or more of fiber length ] less than 0.6 micrometer. 97 to 70 weight % of (b) boil n-hexane soluble 
matters whose 70% or more is less than 0.2 micrometer; 
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(1) It is characterized by the microstructure of a boil n-hexane soluble matter being 90% or more of — *- 1 
and 4-polybutadiene. 



{Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is C4. It is related with the production method and VCR constituent of 
vinyl butadiene rubber (it abbreviates to VCR hereafter) which consist of 1 in the inactive organic 
solvent which uses a cut as a principal component, four polymerizations, and syndiotactic 1 and two 
polymerizations. It is related with the further improvement of VCR which improved the moldability of 
butadiene rubber (it abbreviates to BR hereafter), tensile stress, tensile strength, flex crack-proof growth 
possibility, etc. which are ****- 1 and 4 polybutadiene in detail 
[0002] 

[Description of the Prior Art] Conventionally the production method of VCR Alicycle group hydrocarbons 
such as aliphatic hydrocarbon, such as aromatic hydrocarbon, such as benzene, toluene and xylene n- 
hexane, and n-heptane, cyclohexane, and cyclopentane, and these halogenation group hydrocarbons for 
example, chlorobenzene. It has been performed by inactive organic solvents, such as a methylene chloride 
When these solvents were used, the viscosity of a polymerization solution is high, there was a problem in ' 
churning, heat transmission, a transfer, etc., and excessive energy was required for recovery of a solvent 
Moreover, said solvent was that which is dramatically dangerous for environment for a carcinogenic 
operation because of toxicity. 

[0003] As a production method of VCR In the inactive organic solvent of — ~, water, [ the catalyst acquired 
from the organic aluminium chloride which can be expressed with a soluble cobalt compound and general 
formula AIRn X3-n (however R being the alkyl group, phenyl group, or cycloalkyl machine of carbon 
numbers 1-6, and X being a halogen element n number of 1.5-2) ] using - 1 ,3-butadiene - 1 - [ it 
polymerizes four times, and BR is manufactured and ] Subsequently, to this polymerization system [ 1 3- 
butad.ene and/or said solvent ] Whether it adds [ or the syndiotactic 1 and two polymerization catalysts 
which are acquired from the organoaluminium compound which can express with a soluble cobalt compound 
and general formula AIR3 (however. R is the alkyl group, phenyl group, or cycloalkyl machine of carbon 
numbers 1-6) without adding, and carbon disulfide ] It is made to exist and syndiotactic 1 and the method (a 
JP.49-17666.B number, JP.49-17667.B number) of carrying out 2 polymerizations (it abbreviating to 1 and 2 
polymerization hereafter) are well-known in 1 ,3-butadiene. 

[0004] Moreover, to JP.S62-171.B, JP.S63-36324.B, JP,H2-37927,B, JP.H2-38081.B, and JP.H3-63566 B 
as a manufacturing method of VCR the bottom of existence of carbon disulfide, or the bottom of absent - 
1 ,3-butadiene ~ "**- 1 - [ it polymerizes four and ] After manufacturing VCR or manufacturing VCR the 
iiethod of circulating the 1 ,3-butadiene which separates and collects 1 ,3-butadiene and carbon disulfide and 
Joes not contain carbon disulfide substantially, and the aforementioned inactive organic solvent etc is 
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indicated. Furthermore, to JP.H4-48815.B, the die swell ratio of a compound is small, and VCR the 
vulcanizate excelled [ VCR ] in tensile stress suitable as a sidewall of a tire and flex crack-proof growth 
possibility is indicated. 
[0005] 

[Problem to be solved by the invention] The production method of these VCR However, alicycle group 
hydrocarbons, such as aliphatic hydrocarbon, such as aromatic hydrocarbon, such as benzene, toluene, and 
xylene, n-hexane, and n-heptane, cyclohexane, and cyclopentane, and these halogenation group 
hydrocarbons, For example, since it is performed by inactive organic solvents, such as chlorobenzene and a 
methylene chloride, the viscosity of a polymerization solution is high, there is a problem in churning, heat 
transmission, a transfer, etc., excessive energy is needed for recovery of a solvent, and it has faults such as 
environmental sanitation over a human body. Moreover, it is necessary to improve a compound, vulcanizate 
physical properties, etc. further. A water-organic aluminium chloride soluble cobalt compound is used as a 
catalyst component in the inactive medium which this invention is made that such a problem should be 
solved and mainly has a boiling point in ordinary temperature. 1 ,3-butadiene - continuous - 1 and after 
polymerizing four times - 1 ,3-butadiene - continuous - 1 - [ it polymerizes two and ] It aims at offering the 
new production method and VCR constituent of VCR which are made into 3 to 30 weight % of boil n-hexane 
insoluble matters (it abbreviates to H.I hereafter), and 97 to 70 weight % of boil n-hexane soluble matters 
[0006] 

[Means for solving problem] According to this invention, it is (A) 1 ,3-butadiene and C4. Mix the inactive 
organic solvent which uses a cut as a principal component, adjust the concentration of the moisture of the 
mixture which consists of 1 ,3-butadiene (B) Obtained and an inactive organic solvent, and subsequently (C) 
The general formula AIRn which is one component of ****- 1 and four polymerization catalysts X3-n 
(However R being the alkyl group, phenyl group, or cycioalkyl machine of carbon numbers 1-6. and X being 
a halogen element n number of 1 .5-2) [ the organoaluminium compound of the halogen content expressed 
and the soluble cobalt compound which is other one component of 1 and four polymerization catalysts ] 
adding into said mixture - 1 ,3-butadiene - 1 - [ it polymerizes four and ] (D) [ the syndiotactic 1 and 
two polymerization catalysts which are acquired from the organoaluminium compound expressed with a 
soluble cobalt compound and general formula AIR3 (however, R is the alkyl group, phenyl group, or 
cycioalkyl machine of carbon numbers 1-6) in the obtained polymerization reaction mixture, and carbon 
disulfide ] making it exist - 1 ,3-butadiene - syndiotactic 1 - 2 polymerizations (it abbreviates to 1 and 2 
polymerization hereafter) are carried out. and new vinyl ****- butadiene rubber (it abbreviates to VCR 
hereafter) is offered. And C4 The inactive organic solvent which uses a cut as a principal component is 
chosen from n-butane. 2-butene. transformer 2-butene. and butene-1 . And the following (a) and : which 
cxinsists of (b) - that is. A boil n-hexane insoluble matter (a) 3 - 30 weight %; (1 ) A boil n-hexane insoluble 
matter (It abbreviates to H.I hereafter) are syndiotactic 1 and 2-polybutadiene (it abbreviates to SPBD 
iereafter), the distributed voice of (2) SPBD is a staple fiber crystal, and distribution of the macro-axis length 
(3) staple-fiber crystal is [ 98% of fiber length ] less than 0.6 micrometer. Moreover 70% or more is less 
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than 0.2 micrometer, the VCR constituent with which the microstructure of (b) boil n-hexane soluble matter 
97 - a 70 weight boil n-hexane soluble matter consists of 90% or more of****- 1 and 4-polybutadiene 
is offered. 

[0007] 

[Mode for carrying out the invention] One mode of the production method of VCR of this invention and a 
VCR constituent is explained first. 1,3-butadiene and a carbon number are 4C4. The inactive media which 
use a cut as a principal component are 1,3-butadiene and C4 preferably. 10weight % or more, the rate of 
1 ,3-butadiene to the total quantity with the inactive medium which uses a cut as a principal component is 
mixed so that it may become 10 to 60 weight % especially. Since controlling of the production method of 
VCR becomes difficult for OOweight % or more of a case and the efficiency of the production method of VCR 
falls at 1 0 or less weight %, it is not desirable. 

[0008] A carbon number is 4C4. as an inactive organic solvent which uses a cut (the following and C4 it 
abbreviates to a cut) as a principal component BR manufactured is dissolved, or even if it does not dissolve 
especially if it is the inactive medium which there is no adhesion in churning, a transfer, heat transmission 
and a polymerization reaction tub, and does not have a bad influence on the activity of a catalyst it will not 
be restricted, but at this invention, it is C4. The inactive organic solvent which uses a cut as a principal 
component is used. ****- 2-butene and transformer 2-butene are contained SOweight % or more preferably 
and it is C4, such as butene-1 and n-butane, in addition to ****- 2-butene and transformer 2-butene. The 
hydrocarbon which uses a cut as a principal component is used. Carbon numbers are C1 - C3. If a cut is 
used, manufacture of VCR under low temperature and high pressure is needed, productivity also falls and it 
becomes a cost overrun, and is not economical at that of **. Moreover, since the dice well characteristics of 
having excelled since the distributed state of the staple fiber crystal of SPBD to the inside of BR was not 
formed like this invention when inert solvents, such as benzene, toluene, xylene, and chlorobenzene were 
used, high tensile stress and tensile strength, and high flex crack growth performance are not discovered it 
is not desirable. However, benzene, toluene, xylene, chlorobenzene, etc. can be used, for example as a ' 
solvent for catalyst preparation. 

[0009] Next, 1,3-butadiene and above C4 The concentration of the moisture in the mixed media obtained by 
having mixed the inactive organic solvent which uses a cut as a principal component is adjusted The range 
of 0.1-1 .Omol of moisture is 0.2-1 .Omol especially preferably preferably per 1mol of organic aluminium 
chlonde in said medium, that catalytic activity falls except this range, or ****- 1 and 4 structure content fall 
**** - molecular weight - unusual - a fall - or since it cannot become high, the development of the gel at 
the time of a polymerization cannot be controlled, but adhesion of the gel to a polymerization tank etc takes 
place for this reason and continuous polymerization time cannot be extended further, it is not desirable The 
method of adjusting the concentration of moisture can apply a well-known method. Addition and the method 
(JP.H4-85304.A) of distributing are also effective through a porosity filter medium. 
[0010] 1 ,3-butadiene and C4 Organic aluminium chloride is added in the solution obtained by having 
adjusted the concentration of the moisture in the inactive medium solution which uses a cut as a principal 
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component. General formula AIRn X3- n as an example of organic aluminium chloride expressed [ diethyl 
aluminium mono-chloride, a diethyl aluminium mono-star's picture, diisobutyl aluminium mono-chloride, 
dicyclohexyl aluminium mono-chloride, diphenyl aluminium mono-chloride, diethyl aluminiumsesquichloride, 
etc. ] It can mention suitably. Especially as an example of the amount of the organic aluminium chloride 
used. 0.1 or more millimoles per whole quantity of 1mol of 1 ,3-butadiene of 0.5 to 50 millimoles are 
desirable. 

[001 1] subsequently - adding a soluble cobalt compound to the mixed media which added organic 
aluminium chloride - ****- 1 - it polymerizes four times. As a soluble cobalt compound, it is C4. [ the inactive 
medium or liquid 1 ,3-butadiene which uses a cut as a principal component / be / it / meltable ] Or Cobalt 
which can be distributed uniformly (II) Acetylacetonato, Cobalt (III) beta-diketone complex of Cobalt, such as 
acetylacetonato, The cobalt salt of with a carbon numbers [, such as a beta-keto-acid-ester complex of 
Cobalt like the Cobalt aceto ethyl acetate complex, Cobalt octoate, Cobalt NAFUTENETO, and Cobalt 
benzoate ] of six or more organic carboxylic acid, a cobalt chloride pyridine complex, Halogenation Cobalt 
complexes, such as a cobalt chloride ethyl alcohol complex, etc. can be mentioned. As for especially the 
amount of the soluble cobalt compound used, it is desirable that 0.001 or more millimoles per mol are 0.005 
or more millimoles of 1 ,3-butadiene. Moreover, the molar ratio (aluminum/Co) of the organic aluminium 
chloride to a soluble cobalt compound is ten or more, and it is desirable that it is 50 especially or more. 
Moreover, it is also possible to use the organic-carboxylic-acid salt of nickel, the organic complex salt of 
nickel, and an organolithium compound besides a soluble cobalt compound. 

[0012] temperature -100 degree C with ****- 1 and the temperature of greater than 0 degree C which 
polymerizes four times - desirable - 10-100 degrees C - further - desirable - the range up to 20-100 
degrees C - 1 ,3-butadiene - ****- 1 - it polymerizes four times. The range of polymerization time (mean 
residence time) of 10 minutes - 2 hours is desirable. As for the polymer concentration after ****- 1 and 4 
polymerizations, it is desirable to perform ****- 1 and four polymerizations so that it may become 5 to 26 
weight %. A polymerization tank connects one tub or a two or more-tub tub, and is performed. A 
polymerization is performed by carrying out churning mixing of the solution within a polymerization tank 
(curing units). The equipment indicated as a polymerization tank used for a polymerization, a polymerization 
tank, for example, a JP,40-2645,B number, with hyperviscous liquid churning equipment, can be used. 
[0013] Alpha olefin, such as nonconjugated diene, such as ****- 1 of this invention, a molecular weight 
modifier well-known at the time of 4 polymerizations, for example, cyclo-octadiene, allene, and methyl allene 
(1 , 2-butadiene), or ethylene, propylene, and butene-1 , can be used. Moreover, in order to control 
generation of the gel at the time of a polymerization further, a well-known antigelling agent can be used. ****- 
1 and 4-structure content - general - 90% or more - especially - 95% or more - Mooney viscosity (ML1+4, 
100 degrees C, and the following abbreviate to ML) 10-130 - it is 15-80 preferably and a part for a gel is not 
contained substantially. 

[0014] Even if it adds 1,3-butadiene into ****- 1 and 4 polymerization-reaction mixture which were obtained 
by carrying out like the above, it is not necessary to add. And general formula AIR3 The organoaluminium 
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compound which can express, and carbon disulfide and VCR whose 97 to 70 weight % of boiling point n- 
hexane soluble matters and H.I add the aforementioned soluble cobalt compound, polymerize 1 ,3-butadiene 
1 or 2 times, and consist of 3 to 30 weight % if are manufactured. General formula AIR3 As an 
organoaluminium compound which can express, trimethylaluminum, triethylaluminum, triisobutylaluminum, a 
bird n-hexyl aluminium, a triphenyl aluminium, etc. can be mentioned suitably. 0.1 or more millimoles per 
1mol of 1 ,3-butadiene of especially organoaluminium compounds are 0.5-50 or more millimoles. Although 
carbon disulfide in particular is not limited, it is desirable that it is what does not contain moisture. The 
concentration of carbon disulfide of below 20 millimoles / L is 0.01 to 10 millimole /L especially preferably. 
You may use phenyl isothiocyanate well-known as substitution of carbon disulfide, and a xanthogenic acid 
compound. 

[0015] temperature - with 1 and the temperature of greater than 0 degree C which polymerizes two times - 
10-100-degree C 100 degrees C polymerize 1,3-butadiene 1 or 2 times still more preferably preferably in the 
range up to 20-100 degrees C. To 1 and the polymerization system at the time of polymerizing two times, 1, 
1 at the time of 2 polymerizations, and the yield of 2-polybutadiene can be increased by 1 per 
aforementioned cis- polymerization liquid 100 weight part - 50 weight part, and adding 1,3-butadiene of 1 - 
20 weight part preferably. The range of polymerization time (mean residence time) of 10 minutes - 2 hours is 
desirable. As for the polymer concentration after 1 and 2 polymerizations, it is desirable to perform 1 and 2 
polymerization so that it may become 9 to 29 weight %. A polymerization tank connects one tub or a two or 
more-tub tub, and is performed. A polymerization is performed by carrying out churning mixing of the 
polymerization solution within a polymerization tank (curing units). Since a hyperviscous next door and 
polymer adhere further easily during 1 and 2 polymerizations as a polymerization tank used for 1 and 2 
polymerization, the equipment indicated to a polymerization tank with hyperviscous liquid churning 
equipment, for example, JP.S40-2645.B, can be used. 

[0016] After a polymerization reaction reaches predetermined conversion, a well-known age resistor can be 
added according to a conventional method. As a representative of an age resistor, the dilauryl 3 of bird nonyl 
phenyl FOSUFAITO (TNP) of 2 of a phenol system, 6-G t-butyl p-cresol (BHT), and a phosphorus system 
and a sulfur system, S'-thiodipropionate (TPL), etc. are mentioned. It may be independent, or two or more 
sorts may be combined, you may use, and addition of an age resistor is 0.001 - 5 weight part to a VCR100 
weight part. Next, a terminator is added to a polymerization system and it stops. For example, the method of 
introducing into a polymerization solution organic acids, such as inorganic acids, such as a method, 
hydrochloric acid, and sulfuric acid, acetic acid, and benzoic acid, and hydrogen chloride gas which supply a 
polymerization stop tub after the end of a polymerization reaction, and feed polar solvents, such as alcohols, 
such as methanol and ethanol, and water, into this polymerization solution in large quantities etc., It is a 
method well-known in itself. Subsequently, VCR generated according to the usual method is separated, and 
it washes, and dries. 

[0017] Thus, as for obtained VCR. 97 to 70 weight % of boil n-hexane soluble matters and H.I consist of 3 to 
30 weight %. microstructure is 90% or more of ****- 1 , and 4-polybutadiene, and a boil n-hexane soluble 
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matter is SPBD whose fusing point of H.I is 180-215 degrees C. ML - 20-150 - it is 25-100 preferably. In 
BR matrix, distribute uniformly as a detailed crystal and SPBD very much SPBD distributed in VCR [ with a 
detailed staple fiber crystal ] It has structure which the distance between crystals was shortened and 
restrained BR in the meantime, and the distribution of the macro-axis length of the staple fiber crystal is less 
than 0.6 micrometer in 98% or more of fiber length, and is less than 0.2 micrometer in 70% or more of fiber 
length. On the other hand, as for distribution of the macro-axis length of the staple fiber crystal, the 
conventional VCR was less than 1 .0 micrometers in 98% or more of fiber length, and was less than 0.4 
micrometer in 70% or more of fiber length. Distribution differed clearly. 

[0018] Thus, distillation separates from the mixture containing unreacted 1 ,3-butadiene, the inactive 
medium, and carbon disulfide of the remainder which carried out the separation acquisition of the obtained 
VCR as 1 ,3-butadiene and an inactive medium. On the other hand, separation removal of the carbon 
disulfide is carried out for carbon disulfide by adsorption Separation Sub-Division or Separation Sub-Division 
of a carbon disulfide addition product, and 1 ,3-butadiene and the inactive media which do not contain carbon 
disulfide substantially are collected. Moreover, 1 ,3-butadiene and the inactive medium which do not contain 
carbon disulfide substantially are also recoverable also by distillation recovering three components from the 
aforementioned mixture, and carrying Out separation removal of the carbon disulfide from this distillation by 
the aforementioned adsorption separation or carbon disulfide accretion Separation Sub-Division. They are 
used for the newly filled-up 1 ,3-butadiene by the carbon disulfide collected as mentioned above and the 
inactive medium, mixing. 

[0019] If continuous service is carried out by the method of depending on this invention, it excels in the 
operativity of a catalyst component and VCR can be industrially manufactured continuously advantageously 
at high catalyst efficiency for a long time. Continuation manufacture can be industrially earned out 
advantageously in a high invert ratio, without the inner wall in a polymerization tank, churning wings, and 
other churning adhering to a slow portion especially. 

[0020] It blends with other synthetic rubber in which VCR obtained by this invention is independent, or 
natural rubber. Blend, if required, will carry out oil extension with a process oil, subsequently add and 
vulcanize bulking agents, such as carbon black, a vulcanizing agent, and a vulcanization accelerator and 
others usual compounding agent, and as an object for tires It is useful and, in addition to this, is used for a 
tread, SAIWORU, stiffener, a bead filler, an inner liner, a carcass, etc. by the rubber use as which the 
mechanical property and abrasion resistance of a hose, other belt and various industrial goods, etc. are 
required. Moreover, it can also be used as a modifier of plastics. 

[0021] [ the constituent which added and kneaded the aforementioned compounding agent to VCR obtained 
by this invention J As compared with VCR obtained by the method which uses solvents, such as 
conventional benzene, toluene, hexane, cyclohexane, and chlorobenzene, the die swell ratio (ratio of the 
path of the compound at the time of extrusion to the diameter of a die orifice) is small excellent in extrusion 
nature. It is characterized by expressing the ratio of Dsn/Dso, and the relation of H.l=w (weight %) in a VCR 
constituent (compound) with the following formulas in the relation between the die swell ratio (Dsn) by this 
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invention, and the die swell ratio (Dso) by said conventional method. Namely, Dsn/Dso <= -0.02w + The 
relation of H.l=w (weight %) in 1 however VCR constituent =T (weight part), and VCR loadings =v (weight 
part) and a VCR constituent is w=(vH.I)/T. If H:i in a VCR constituent increases, a die swell ratio will become 
small and extrusion nature will be improved. That is, the difference of the die swell ratio between the VCR 
constituent of this invention and the conventional VCR constituent shows that it becomes so large that H.I in 
a compound increases, and extrusion nature becomes good. 

[0022] Moreover, vulcanization of the VCR constituent (compound) obtained by this invention will raise 
hardness and tensile stress. It compares with VCR remarkable [ in tensile stress ] and obtained by said 
conventional method 100%, especially. A reinforcing effect is improved sharply, it is and the ratio of the 
1 00% tensile stress (Mn1 00) by this invention and the 1 00% tensile stress (Mo1 00) by said conventional 
method and the relation of H.l=w in a compound (weight %) are characterized by what is expressed with the 
following formulas, namely, - Mn100 / Mo100 >= 0.03w + It is as aforementioned that they are 1, however 
w=(vH.I)/T. If H.I of a compound increases, the 100% tensile stress of vulcanizate will become large. That is, 
the difference of the 100% tensile stress between VCR of this invention and the conventional VCR becomes 
so large that H.I in a compound increases, and shows that a reinforcing effect increases 
[0023] 

[Working example] Hereafter, although this invention is concretely explained based on a work example, 
these do not limit the purpose of this invention, moreover, the base of VCR - the physical properties of 
rubber, the physical properties of a compound, and the physical properties of vulcanizate were measured as 
follows. 

Weight % showed the remaining extraction part which carried out boil extraction of a boil n-hexane insoluble 
matter and the H.l:;2g VCR with the Soxhlet extractor in 200ml of n-hexane for 4 hours. 
Fusing point of a boil n-hexane insoluble matter :; the peak temperature of the endotherm curve by a 
differential scanning calorimeter (DSC) determined the boil n-hexane remaining extraction part. 
Microstructure of a boil n-hexane soluble matter :; it measured by infrared absorption spectroscopy. Mooney 
viscosity, 1 +4, 1 00 degrees C of ML(s), ML:; it is JIS about the Mooney viscosity of a boil n-hexane soluble 
matter, VCR, and a compound. It is the value measured at 100 degrees C according to K6300. 
T-cp:; it is the value which measured the viscosity of a boil n-hexane soluble matter or the 5-weight % 
toluene solution at 25 degrees C of BR, and was shown by a centipoise (cp). 

Molecular weight distribution :; With the tetrahydrofuran solution of a boil n-hexane soluble matter, from the 
calibration curve which uses 40 degrees C and standard polystyrene with gel permeation chromatography 
(GPC, Toso, HLC-802A) A weight average molecular weight (Mw), The number average molecular weight 
(Mn) and the molecular weight distribution (Mw/Mn) were searched for. 

etasp/c:; reduced viscosity was measured at 135 degrees C from the 0.20g/dl tetralin solution as a standard 
of the size of the molecular weight of a boil n-hexane insoluble matter. 

Die swell ratio :; Using workability measuring apparatus (Monsanto Co., MPT), as a standard of the 
extrusion workability of a compound It extruded with the shear rate of 100 degrees C and 100sec-1 , the ratio 
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of the path of the compound at the time to the diameter of a die orifice (however, ratio-of-length-to- 
diameter=1 .5mm / 1.5mm) was measured, and it asked for the die swell ratio. Moreover, the dice well index 
was computed by having set the comparative example 1 to 100. It is shown that workability is so good that 
these figures are small. 

Vulcanizatipn conditions :; the vulcanization curve of the compound was measured using the curelast meter 
(Japan Synthetic Rubber Co., Ltd., JSR curelast meter 2F), and press cure was carried out at 150 degrees 
C from the result for 40 minutes. 

hardness, ****, and tear test: - vulcanizate - J IS measuring at a room temperature according to K6250, 
K6251, and K6252 - respectively - hardness, 100% tensile stress (kg/cm2), and tensile strength (kg/cm2) - 
it was extended and tearing strength (kg/cm) showed(%). 

Flex-crack growth possibility:;JIS The number of double bends at the time of a crack growing to 1 5mm with 
stroke 56mm and 2mm of initial cracks according to K6260 showed. 

Electron microscope photograph : Start;VCR to the sample of a 2mm angle, and it is immersed into sulfur 
monochloride / carbon disulfide =1:1 solution for 72 hours. An ultrathin section is cut down for the 
vulcanizate air-dried for three days after it vulcanized the double bond of the cis- portion of VCR alternatively 
and acetone washed enough by a microtome. The osmium tetrachloride steam dyed the double bond of the 
vinyl portion of VCR, the length of the macro axis of a staple fiber was visually measured as a form of the 
SPBD crystal of VCR from the 5,000 time photograph observed and acquired with the transmission electron 
microscope (made in Hitachi, H-7100), and the distribution map was created by the 0.2-micrometer unit 
Moreover, mean-fiber-length axis length was found. 

[0024} [Work example 1] ****- 2-butene is used as a principal component for the 1 ,3-butadiene which 
dissolved predetermined moisture by concentration 32weight %. C4 to contain [ cut (68 weight %) mixed 
media (moisture; 2.09 millimole /L) ] while supplying 12.5l./h (carbon disulfide 20 mg/L is contained) to the 
ageing tank made from stainless steel with an agitator with a capacity of 21. held at 20 degrees C Diethyl 
aluminium chloride (10weight % of a n-hexane solution, 3.13 mmol/L) is supplied, and the diethyl aluminium 
chloride / water molar ratio in this reaction vessel solution are prepared to 1 .5. The obtained aging liquid is 
supplied to the cis- polymerization tank made from stainless steel with an agitator with a capacity of 51. held 
at 40 degrees C. Cobalt octoate (Cobalt octoate 0.01 17 mmol/L, n-hexane solution), and the molecular 
weight modifier 1 and 2-butadiene (1, n-hexane solution of 2-butadiene 8.2 mmol/L;1.535 mol/L) are 
supplied to this cis- polymerization tank. The obtained cis- polymerization liquid was supplied to 1 made 
from stainless steel with a ribbon type agitator, and 2 polymerization tank of 51. of contents, and continuous 
polymerization was carried out at 35 degrees C for 10 hours. Triethylaluminum (10weight % of a n-hexane 
solution, 4.09 mmol/L) was continuously supplied to this 1 and 2 polymerization tank. Unreacted 1 ,3- 
butadiene and C4 after supplying the obtained polymerization liquid to a mixing tub with an agitator, adding 
a small amount of methanol for 2 and 6-G t-butyl p-cresol to this further in addition to rubber 1 PHR and 
suspending a polymerization Evaporation removal of the cut was carried out, suction drying was carried out 
in ordinary temperature, and VCR8.3kg was obtained. ML=57 of this VCR, H. 1=1 1.1%, fusing point =204.1 
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degree C of H.I, etasp/c=1.84 of H.I, ML=30 of a boil n-hexane soluble matter, T-cp=62 of a boil n-hexane 
soluble matter, ****- 1 of a boil n-hexane soluble matter, four structures = 98.5% and Mw = It was 465, 000, 
Mn =188, 000, and Mw / Mn =2.47. 98% or more of fiber length is less than 0.6 micrometer, and 70% or 
more of the fiber length of distribution of the macro-axis length of the staple fiber crystal obtained from the 
transmission electron microscope observation photograph is less than 0.2-micrometer ******. 
[0025] [a work example 2] — carrying out a cis- polymerization like a work example 1 — 1 — it polymerized 
two times. Except having made it 1 and 2 polymerization tank with Cobalt octoate 0.1252 mmol/L, it 
operated like the work example 1, continuous polymerization was carried out for 3 hours, it processed, and 
VCR2.3kg was obtained. The fusing point of H.I of H.I of this VCR was etasp/c=1 .59 of 203.0 degrees C and 
H.I 17.1%. The dry blend of the BR (ML=29, T-cp=58, Mw =459, 000, Mn =185, 000, Mw / Mn =2.47) was 
carried out to this VCR, and VCR was adjusted to H.l=12%. ML=56 of this VCR, H.l=12.0%, the fusing point 
of HJ = it was etasp/c=1.59 of 203.0 degrees C and H.I, and T-cp=55 of the boil n-hexane soluble matter. 
[0026] [Comparative example 1] To an inactive medium, benzene C4 Cut mixed solvent ([ 30 weight % of 
benzene, and ****- 2-butene ]) C4 used as a principal component It was VCR (the Ube Industries, Ltd. make, 
UBEPOL-VCR412, ML=43, H.I = 11 .1 %) at the time of considering it as 39 weight % of cuts, and was etasp/ 
c =1.87 of fusing point =201.4 degree C of H.I, and H.I. ML=32 of a boil n-hexane soluble matter, ****- 1 of a 
boil n-hexane soluble matter, and four structures are 97.5% and Mw. 483, 000, and Mn It was 198, 000, and 
Mw / Mn =2.43. The distribution of the macro-axis length of the staple fiber crystal obtained from the 
transmission electron microscope observation photograph was less than 1.0 micrometers in 98% or more of 
fiber length, and was less than 0.4 micrometer in 70% or more of fiber length. 

[0027] [Comparative example 2] It was BR (the Ube Industries, Ltd. make, UBEPOL-BR1 50) obtained using 
the same mixed solvent as a comparative example 1 , and was T-cp=75, Mw =563, 000, Mn =206, 000, and 
Mw7 Mn =2.73 ML=43, ****- 1, and 4 structure =97.7%. 

[0028] Compounding agents other than sulfur and a vulcanization accelerator were mixed to the compound 
which blended aforementioned work examples 1 and 2 and comparative examples 1 and 2 primarily 
according to the recipe of Table 1 , and the physical properties of the compound were measured, 
respectively and were shown in Table 2 and 3. 

[0029] Sulfur and a vulcanization accelerator were secondarily blended with the compound which blended 
aforementioned work examples 1 and 2 and comparative examples 1 and 2 primarily with the Banbury mixer 
according to the recipe of Table 1 with an open roll, and press cure was carried out at 150 degrees C. The 
physical-properties test sample was created according to object nature, vulcanizate nature was measured, 
respectively, and it was shown in Table 4. Distribution of the length of the staple fiber crystal macro axis of 
SPBD distributed in VCR from the electron microscope observation photograph was shown in drawing 1 . 
Moreover, the mean-fiber-length axis length of a work example 1 and a comparative example 1 is 0.13 
micrometer and 0.30 micrometer, it is microscopic subdivision powder clearly, and distribution also differed. 
[0030] 
[Table 1] 
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[Table 3] 
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[0034] 

[Effect of the Invention] The vinyl cis- polybutadiene (VCR) of this invention is uniformly distributed in ****- 1 
and a 4-polybutadiene (BR) matrix with syndiotactic 1 and the structure in which 2-polybutadiene (SPBD) 
crystal is very detailed. Furthermore, by restraining BR component between crystals, the staple fiber crystal 
distributed to microscopic ** discovers high hardness and the reinforcing effect of high tensile stress. While 
the die swell ratio of a compound is small and extrusion performance is excellent, since it is high hardness, 
high tensile stress, and the outstanding flex crack-proof growth possibility, it can contribute to reduction of 
bulking agents, such as thinning of each part material of an automobile tire, and carbon black, etc., and 
vulcanizate fits the low-fuel-consumption tire use. 



[T ranslation done.] 
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nfltMO'C, VCR<Pt'*»^— SlS^ftaSftBHCJlli 

mm^m\m < sjeokl h - 1 i o o > xtimvxm 

btltc 5 , 0 0 0 flW** 6VCR0DSPBD H<7>© 

&>t£> 

[0 02 4] C*tfe«l3 W*flS>*^*SJRbfc 1 , 3 

r 2 . 0 9 K l ) **/L > 12. & "J * 

JU < =Mf UN* 2 0 m gt / L £t*WT £ > * 2 0 "CKft 40 

ttte WW & L fttc s>x * *r a 5 x. a * a ^ ^ K 
(lOifi^-!)-A^t>M, 3- l3mmol/ 

0- Oll7mmo!/L, n -^**>f8fift) t^F- 
SiSs3§5^iJl, 2 -^2 s :>xO { 1 , 2- , 7 r £^308. 50 



4M2 0 0 0-44633 

10 

2mm o !/L ; 1. 5 3 5mo I /LG>n — 

mssu 3 5X-C1 oiswiaarta^-i/fco c©i. 2 m 

4 . 0 9 mm o ! /L > ftjgnftKftt&l/ 

fc. f* hftK& &&*m¥m*m.i$ft^&$£ u cntc 

2, t p- £ ft i, 

C©VCR<OML=5 7, H. 1 = 11- 1«, H- 1 
«^=2 0 4. rc, H. l«>i? t o/c=i. 8 4, 
^iii~^^-y->pJ^^ , ML = 3 0. iKn-^t 

4^=98. 5%, Mw=4 6 5. 00 

0, Mn = 1 8 8, 0 0 0. Mw /Mn = 2 . 4 71?* 

m*«l?*> 0 . fl-?HHfcM<07 0 9iCLb»0 - 2 ii m 

[ 0 0 2 5 ] C^*S^2 J ^*fe0l 1 ^[5j4t0d UX f^I 
^bt I ( 2S£Ofc. 1. 2M^i*ici±3M^h3ri7 
hx-K). 1 2 5 2 mm o ! /Li UfeJ[St?H**«s«i 

R2. 3kfir«ffA:« COVCROH. !t*17- 1 
H. ! CE«ftjSt*2 0 3. 0*C, H. i<^o? ie /c = 

1. 5 C<E>VCR*CBR <ML=29, T 
- c p = 5 6, Mw = 4 5 9, 0 0 0. Mn = 1 8 5 , 
0 0 0, Mw /Mn =2. 47) ft K^^^U> KOtT 
VCR&H. I = 1 2WeBKlsfc, COVCRCDML 
= 5 6, H. I =12. OH, H. I ©14== 2 03- 
0*C, H. !©f»« p /c=l- 5 9, ^SJBrn 
pJ^^W>T - c P = 5 5 % C*-? fco 

[ 0 0 2 6] C tt%m X 3 3>iStt«M*K^ > - C 4 
g^L^^^ < ^ > -fe' > 3 0 1S% ^ ^ A - 2 - ^'t- > 

R U BE POL- VCR 4 12, ML 

= 4 3, H- 1=11- lH>t»*9, H- i©Sl!= = 
2 0 1. 4 *C. H- c = 1. 8 7r*->fc, 

(mn-^**>pT*^W)ML=3 2, JSWn-^** 
>?H8fM»'* " 1 1 4lsa$*9 7. ' 5%, Mwfi*4 8 
3, 000, Mni±l98, 000, Mw/Mn=2. 

1. OumMItt?**). S"5«««3«)7 0«tlJb** 
0- 4iim7Rjfl*C*ofe* 

[ 0 0 2 7] (JttM2 D tb*^ 1 iPHW«^ggfigft 

HKr^wen^BR {flwuttai ubepol-b 

R l 5 0 > X'fo 9 , ML = 43, 5/* - 1 . 4wja= 9 
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7. 7*6, T-cp = 75, Mw=5 63, 00 0, M 
n = 206, 0 00, Mw/Mn=2. 7 3^^ 
[ 0 0 2 8] If l HOf2 £JfctiM 1 £0=2 * 

ill ®Ed*tcffi-7tr f ~xi^ofcsa^iwcss*;&^ 



^ *re a 



[ 0 0 2 9] MBOftflkM 1 '&X>2 £JJXM 1 £tf2 * 

r m 4 ccs oft. *?mmuntt*i 6 v c r +*c 

§ fci: 0 - ! 3 v 0 - 3 0 Ji rat* #) , ^ 6 KC 



[ 0 0 3 0 ] 

[*1 ] 



4SH2 0 0 0-44 63 3 
12 



* [ 0 0 3 1] 

[ft 



2] 



10 



20 



VCR (or BR) i 0 0 

? (HA?) . S 0 

:f o^^H'/U 1 0 

;&l3MS£i<I#i# * 1 30 

^ I. s 



* 



12 12 



MLim (100) 57 Sfi 45 43 
HI 11 12 N 0 



jfcgffl i : ?MWttK. UB2POL-VCR4 1 2 



[ 0 0 3 2] 
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(S) 

* * [aR3] 
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I 2 L 2 



ML.*. . iOfl'C 84 33 79 72 

jf* 7 1. 43 I, 41 i, 8 4 2. Sfl 

.^X'!7xJl}i| 7 8 7 7 1 0 0 141 



[ 0 0 3 3] 



* * [3143 







1 


2 


1 


2 


« «* 




7 4 


7 4 


7 0 


6 1 




6 1 


5 9 


4 4 


2 0 




(kg/cft s > 


2 o a 




t 9 a 


2 0 0 




(H) 


S4 (9 


3 d 0 


$ 4 0 


4 6 0 




(kg/era > 


7 4 


7 8 


7 6 


7 2 




4 g 


4 a 


3 & 


0. 3 



[ 0 0 3 4] 

{VCR) tif>!>*#*** i? — l , 2 
x> (SPBD) A^SMvIIS^a -1,4- 
# "J < B R > ■? h U ? ?*4"fc*J— iC^ffcO 

r . K(C feMIK 1/ ftfSMHClMa' B R «M1 

PB-ctti*r*cfc. Meet. *§i5Eit^wigSiS!i*«: 



30 



[HfiGHMiaKn!] 

[HI ] 11] 1 »*Mi<DXiM 1 JWttJSWi 1 (OVC R 



[HI ] 



0 00-44 63 3 



aw 




0~ca ft£-<&4 <M-4M <Lft~1 1£—1>l 



AC031 BL012 FD010 
GM01 

AS02P CAG1 CA15 
FA09 FA19 FA30 FA41 J.A28 
1A29 



